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,Q RUGHU WR VHOHFW WKH FRPSRQHQWV IRU D WHFKQLFDO V\VWHP D GHWDLOHG GHVFULSWLRQ RI WKH V\VWHPV IHDWXUHV LV QHFHVVDU\ )RU WKLV
SXUSRVH IHDWXUHWUHHV DUH FXUUHQWO\SUHIHUUHG%\ VHOHFWLQJ IHDWXUHV IURP WKHVH IHDWXUHWUHHV WKH FRUUHVSRQGLQJ FRPSRQHQWV DUH
FKRVHQ:LWKLQWKHGHYHORSPHQWSURFHVVLWLVDOVRXVHIXOWRGHVFULEHWKHIXQFWLRQVRIWKHWHFKQLFDOV\VWHPDVZHOODQGWRDVVRFLDWH
WKHVHIXQFWLRQVZLWKWKHFRPSRQHQWV)RUWKLVIXQFWLRQDOQHWZRUNVDUHXVHGVRIDUZKLFKGHVFULEHWKHGHSHQGHQFLHVEHWZHHQWKH
GLIIHUHQWIXQFWLRQV%XWIHDWXUHWUHHVDQGIXQFWLRQDOQHWZRUNVDUHFRQVLGHUHGVHSDUDWHO\DQGQRWDVVRFLDWHGZLWKWKHFRPSRQHQWV
ZLWKLQ RQH PRGHO )RU WKLV UHDVRQ WKH IHDWXUHV DQG IXQFWLRQV RI D V\VWHP DUH XVXDOO\ FKRVHQ LQ DGYDQFH 6R WKHUH DUH WZR
LQGHSHQGHQWZD\VWRFKRRVHFRPSRQHQWVIRURQHSURGXFW%\HYROXWLRQDQGUHXVLQJRIH[LVWLQJFRPSRQHQWVLWLVSRVVLEOHWRFUHDWH
V\VWHPV ZLWK QHZ IHDWXUHV RU IXQFWLRQV ,I LW ZRXOG EH SRVVLEOH WR GHVFULEH IHDWXUH IXQFWLRQV DQG FRPSRQHQWV ZLWKLQ RQH
ODQJXDJH SURSRVDOV IRU QHZ FRPSRQHQWV FRXOG EH PDGH ,Q WKLV SDSHU DQ DSSURDFK IRU GHVFULELQJ IHDWXUHV IXQFWLRQV DQG
FRPSRQHQWVZLWKRQHODQJXDJHLVLQWURGXFHG

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,QWURGXFWLRQ
$VD ILUVW VWHS LQ WKHSURGXFWGHYHORSPHQWSURFHVV D WHFKQLFDO V\VWHP LVGHVFULEHGE\ UHTXLUHPHQWV+RZHYHU
WKHVHUHTXLUHPHQWVDUHYHU\DEVWUDFWDQGKDYHWREHUHILQHG6RIHDWXUHVDQGIXQFWLRQVFDQEHGHULYHG,Q WKHQH[W
VWHSV WKH WHFKQLFDO V\VWHP FDQ EH FRPSRVHGZLWK D VHW RI FRPSRQHQWV (YHU\ FRPSRQHQW SURYLGHV D QXPEHU RI
IHDWXUHV DQG IXQFWLRQV 6R WKH\ FDQ EH DVVLJQHG WR WKH FRUUHVSRQGLQJ FRPSRQHQW 6R LW LV SRVVLEOH WR VHOHFW WKH
UHTXLUHGFRPSRQHQWVIRUDV\VWHPDXWRPDWLFDOO\E\FKRRVLQJLWVGHVLUHGIHDWXUHVDQGIXQFWLRQV
7R GHVFULEH WKH IHDWXUHV RI D V\VWHP DQG WKHLU GHSHQGHQFLHV DPRQJ HDFK RWKHU IHDWXUH WUHHV FDQ EH XVHG
6LPLODUO\IXQFWLRQQHWZRUNVDUHXVHGWRGHVFULEHWKHIXQFWLRQV7KH\HQDEOHWRGHVFULEHDV\VWHPDQGWKHFRPSRQHQW
LWFRQVLVWVRIE\GHVFULELQJDQGVHOHFWLQJIHDWXUHVRUIXQFWLRQV
%RWKDSSURDFKHVH[SHFWWKDWWKHFRPSRQHQWVDUHDOUHDG\NQRZQ1HZFRPSRQHQWVKDYHWREHGHILQHGEHIRUHWKH\
FDQEHXVHG,WLVQRWSRVVLEOHWRFUHDWHDQHZFRPSRQHQWEDVHGRQGHVLUHGIHDWXUHVRUIXQFWLRQV$PDQXDOGHILQLWLRQ
RI D QHZFRPSRQHQW LV DOPRVW LPSRVVLEOHEHFDXVHRI WKH KLJK DPRXQWRIGHSHQGHQFLHVEHWZHHQ IHDWXUHV DQG WKH
FRPSRQHQWUHVSHFWLYHO\IXQFWLRQVDQGWKHFRPSRQHQW6LQFHIHDWXUHVDQGIXQFWLRQVZHUHGHVFULEHGVHSDUDWHLWLVDOVR
KDUGWRVXSSRUWWKHGHYHORSPHQWRIDQHZFRPSRQHQWDQGWRHPEHGLWLQWRWKHH[LVWLQJGHVFULSWLRQ
%DVHGRQWKHDOOH[LVWLQJIHDWXUHVDQGIXQFWLRQVDVHWRIWKHPLVVHOHFWHGIRURQHVSHFLILFV\VWHP7KHVHOHFWHGVHWV
RI IHDWXUHV DQG IXQFWLRQV KDYH WR EH SURYLGHG E\ WKH FRPSRQHQWV 7KXV WKH FRPSRQHQWV DUH ERXQG WR WKH
VSHFLILFDWLRQVRI WKH IHDWXUHVDQGIXQFWLRQV )LJXUH ,Q WKLVSDSHUDQDSSURDFK LV LQWURGXFHG WKDWDOVR WDNHV WKH
HIIHFWVRIWKHFRPSRQHQWVRQWKHIHDWXUHVDQGIXQFWLRQVLQWRDFFRXQW
,QSUDFWLFHD ODUJHQXPEHURIGHSHQGHQFLHVH[LVWEHWZHHQ IXQFWLRQVDQG IHDWXUHV ,IDQHZFRPSRQHQWZLWK LWV
VSHFLILFFKDUDFWHULVWLFVDQGSURSHUWLHVVKRXOGEH LPSOHPHQWHGQHZUHODWLRQVEHWZHHQ WKLVFRPSRQHQWDQGH[LVWLQJ
IHDWXUHV DQG IXQFWLRQ ZLOO DULVH 7KHVH UHODWLRQV DOVR KDYH WR EH KDQGOHG 7KH DFWXDO GHSHQGHQFLHV EHWZHHQ
UHTXLUHPHQWVIHDWXUHVIXQFWLRQVDQGFRPSRQHQWVDUHVFKHPDWLFDOO\VKRZQLQ)LJXUH

functionsfeatures
components
requirements

)LJXUH'HSHQGHQFLHVEHWZHHQUHTXLUHPHQWVIHDWXUHVIXQFWLRQVDQGFRPSRQHQWV
,WLVQHFHVVDU\WRPRGHOWKHVHGHSHQGHQFLHV$VDUHVXOWQHZIHDWXUHVIXQFWLRQVDQGFRPSRQHQWVFDQEHVHOHFWHG
LQWKHV\VWHPGHYHORSPHQW)XUWKHUPRUHDOVRFKDQJHVRIWKHUHODWLRQVKLSVDUHSRVVLEOH7KLVPDNHVWKHV\VWHPYHU\
G\QDPLF7R LQWHJUDWHQHZIHDWXUHV IXQFWLRQVDQGFRPSRQHQWV WRROVDQG ODQJXDJHVKDYH WREHGHYHORSHG ,Q WKLV
SDSHUDQDSSURDFKLVLQWURGXFHGKRZWRPRGHODV\VWHP7KHDSSURDFKLVDSSOLHGRQDFDUH[DPSOH
&XUUHQWDSSURDFKLQGHVLJQLQJDWHFKQLFDOV\VWHP
$VDILUVWVWHSLQWKHGHYHORSPHQWRIWHFKQLFDOSURGXFWVWKHFXVWRPHUZLVKHVDVZHOODVWKHERXQGDU\FRQGLWLRQV
RIWKHHQWHUSULVHVDQGWKHUHVWULFWLRQVRIWKHSURGXFWHQYLURQPHQWZLOOEHWUDQVODWHGLQWRWHFKQLFDOUHTXLUHPHQWV$
WUDQVIHU LQWR WHFKQLFDO UHTXLUHPHQWV LV QHFHVVDU\ EHFDXVH WKH FXVWRPHU RIWHQ GRHV QRW KDYH WKH NQRZOHGJH WR
IRUPXODWHKLVZLVKHVDQGGHPDQGVSURSHUO\$VD UHVXOW WKHSURGXFWGHYHORSHUPD\QRW LQWHUSUHW WKH UHTXLUHPHQW
FRUUHFWO\LQWKHSURGXFWGHYHORSPHQW
$VDQH[DPSOHLQWKHYHKLFOHGHYHORSPHQWWKHFXVWRPHUKDVWKHZLVKWRGULYHDQDLUFRQGLWLRQHGFDU7KLVZLVK
ZKLFKLVIRUPXODWHGTXDOLWDWLYHO\PXVWEHWUDQVIHUUHGLQDWHFKQLFDOUHTXLUHPHQWWKHGHYHORSHUFDQXQGHUVWDQGDVD
WDUJHW+HIRUPXODWHVZLWKUHIHUHQFHWRVHYHUDORWKHUIDFWRUVIURPWKHSURGXFWHQYLURQPHQWWKDWWKHLQWHULRUYHKLFOH
FOLPDWH KDV WR EH LQ WKH LQWHUYDO   & WR   & ,Q WKLV ZD\ WKH SURGXFW GHYHORSHU IRUPXODWHV PXOWLSOH
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UHTXLUHPHQWVLQWKHEHJLQQLQJ7KHUHVXOWLQJVHWRIUHTXLUHPHQWVFDQEHXQGHUVWRRGDVDILUVWFRQFHSWRIWKHSURGXFW
ZKLFK LVGRFXPHQWHGYHUEDOO\$VD VHWRI UHTXLUHPHQW WKH VXPRIDOO UHTXLUHPHQWV WR WKHSURGXFW LVPHDQW ,Q
)LJXUHWKHFXUUHQWDSSURDFKLQGHWHUPLQLQJUHTXLUHPHQWVDQGLQGHYHORSLQJWHFKQLFDOV\VWHPVLVVKRZQ


)LJXUH&XUUHQWDSSURDFKLQGHVLJQLQJWHFKQLFDOV\VWHPV
$IWHUGHWHUPLQLQJWKHUHTXLUHPHQWVWKHVXEV\VWHPVDQGFRPSRQHQWVDUHQRUPDOO\VHOHFWHGLQFXUUHQWGHYHORSPHQW
SURFHVVHV6XEV\VWHPVDQGFRPSRQHQWVFDQEHVHOHFWHGLQSDUWLFXODULIDVLPLODUSURGXFWZDVGHYHORSHGEHIRUH$
UHTXLUHPHQWFDQEHIXOILOOHGIRUH[DPSOHWKURXJKVHYHUDOFRPSRQHQWV,QWKHH[DPSOHRIWKHLQWHULRUYHKLFOHFOLPDWH
LWLVQHFHVVDU\WRSURYLGHDKHDWHUDVZHOODVDFRROHUWRIXOILOWKHWHPSHUDWXUHLQWHUYDO$OVRVHYHUDOUHTXLUHPHQWVFDQ
EH IXOILOOHG E\ D VLQJOH FRPSRQHQW ,Q JHQHUDO WKH UHODWLRQVKLSV EHWZHHQ UHTXLUHPHQWV DQG FRPSRQHQWV DUHPXFK
PRUHFRPSOH[WKDQSUHVHQWHGKHUH
7KH DGYDQWDJH LQ XVLQJ H[LVWLQJ NQRZOHGJH LV WKDW WKH FRPSRQHQWV DUH DOUHDG\ NQRZQ DQG WKH\ FDQ EH
LQYHVWLJDWHG LQ D PRGHO VXFK DV 378HOHPHQWV WR KHDW WKH YHKLFOH LQWHULRU ,Q DGGLWLRQ WKH HIIHFWV RI WKH
FRPSRQHQWV RQ WKH UHTXLUHPHQWV DQG IHDWXUHV DUH HVWDEOLVKHG +RZHYHU XVLQJ DOUHDG\ H[LVWLQJ VXEV\VWHPV DQG
FRPSRQHQWVUHVWULFWVWKHVROXWLRQVSDFHLQWKHGHYHORSPHQWSURFHVV,QFRQVHTXHQFHQHZSURGXFWJHQHUDWLRQVGLIIHU
VOLJKWO\LQFRPSDULVRQWRROGHUSURGXFWV)XUWKHUPRUHRQO\DIHZQHZSURGXFWFRQFHSWVDQGLQQRYDWLYHWHFKQRORJLHV
DUHXVHGGXULQJWKHSURGXFWGHYHORSPHQW
+DYLQJVHOHFWHGWKHFRPSRQHQWVRIWKHWHFKQLFDOV\VWHPVXVXDOO\WKHFRPSRQHQWVDQGV\VWHPVFKDUDFWHULVWLFVDQG
SURSHUWLHVDUHNQRZQ7RIXOILOWKHFXVWRPHUZLVKHVDQGGHPDQGVHVSHFLDOO\WKHSURGXFW¶VSURSHUWLHVDUHRILQWHUHVW
EHFDXVH WKH\ DUH RIWHQ FRQQHFWHG WR WKH UHTXLUHPHQWV GHILQHV WKH SURGXFW¶V FKDUDFWHULVWLFV DQG SURSHUWLHV DV
IROORZV

x &KDUDFWHULVWLFVGHVFULEHWKHVKDSHWKHGLPHQVLRQVWKHPDWHULDOVDQGWKHVXUIDFHRIDSURGXFW)HDWXUHVFDQ
EHFKDQJHGGLUHFWO\E\WKHGHVLJQHU
x 3URSHUWLHVGHVFULEHWKHEHKDYLRXURIDSURGXFWHJUHJDUGLQJWKHIXQFWLRQZHLJKWVDIHW\GHVLJQEXWDOVR
ZLWK UHVSHFW WR SURGXFWLRQ WHVWLQJ DQG FRVWV RI WKH SURGXFW 3URSHUWLHV XVXDOO\ UHVXOW IURP WKH
FKDUDFWHULVWLFVDQGFDQQRWEHFKDQJHGGLUHFWO\E\WKHGHYHORSHU

7KHSDUDPHWHUVRI WKHFKDUDFWHULVWLFV DQGSURSHUWLHVXVXDOO\JLYH VRPH LQIRUPDWLRQDERXW WKH IXOILOPHQWRI WKH
SURGXFWUHTXLUHPHQWVZKLFKDUHVHWLQWKHEHJLQQLQJ7KXVWKHIXOILOPHQWRIWKHUHTXLUHPHQWVGHSHQGVRQWKHFKRLFH
RIVXEV\VWHPVDQGFRPSRQHQWVRQWKHRQHKDQG2QWKHRWKHUKDQGWKHSDUDPHWHUVPXVWEHGHWHUPLQHGFDUHIXOO\
7KHFKDUDFWHULVWLFVDQGSURSHUWLHVZKLFKDUHNQRZQE\VHOHFWLQJWKHFRPSRQHQWVDUHUHODWHGWRHDFKRWKHU7R
RYHUORRNWKHFRPSOH[LW\RIWKHV\VWHPWKHUHODWLRQVEHWZHHQWKHFRPSRQHQWVWKHFKDUDFWHULVWLFVDQGWKHSURSHUWLHV
PXVWEHPRGHOOHG7KLVPRGHOKHOSVWRJLYHILUVWVWDWHPHQWVDERXWWKHFKDUDFWHULVWLFVDQGSURSHUWLHVRIWKHSURGXFW
7KHFRPSOH[LW\RIVXFKDPRGHOLVVKRZQDVDQH[DPSOHLQ)LJXUH
$JDLQWKHUHPD\EHJRDOFRQIOLFWVEHWZHHQWKHFKDUDFWHULVWLFVDQGSURSHUWLHV:LWKLQWKHPRGHOOLQJSURFHVVWKH
WRSRORJ\ RI WKH SURGXFW WRSRORJ\ DGMXVWPHQW RI FRPSRQHQWV LQ WKUHH GLPHQVLRQDO VSDFH LV DOVR GHWHUPLQHG ,I
WKHUHLVQ¶WIL[HGRQHVSHFLILFWRSRORJ\VHYHUDOWRSRORJLHVPXVWEHPRGHOOHGWRILQGWKHEHVWRQH7KHJRDOFRQIOLFWV
ZLWKLQ WKH V\VWHP EHFRPH FOHDU E\ GHWHUPLQLQJ WKH FKDUDFWHULVWLFV DQG SURSHUWLHV LQ VLPXODWLRQ DQG RSWLPL]DWLRQ
PRGHOV2QWKLVEDVLVFRPSURPLVHVPXVWEHIRXQGLQRUGHU WRIXOILO WKHUHTXLUHPHQW$OWHUQDWLYHO\KRZHYHU LW LV
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DOVR SRVVLEOH WR GHYHORS GLIIHUHQW SURGXFW YDULDQWV LQ RUGHU WR ILQG EHWWHU FRPSURPLVHV EHWZHHQ WKH SDUDPHWHUV
UHVSHFWLYHO\ WKH UHTXLUHPHQWV2QO\ WKH LQWURGXFWLRQRIQHZ WHFKQRORJLHV HQDEOHVQHZSURGXFWPRGHOV:LWKQHZ
WHFKQRORJLHVLWFDQEHSRVVLEOHWRSRVLWLYHO\DIIHFWRUHYHQDYRLGDQH[LVWLQJJRDOFRQIOLFWEHWZHHQSDUDPHWHU

)LJXUH(OHPHQWVFKDUDFWHULVWLFVDQGSURSHUWLHVRIDYHKLFOHDQGWKHUHODWLRQVKLSVEHWZHHQWKHP
Feature 
)HDWXUHWUHHVDUHXVHGWRGHVFULEHDIHDWXUHPRGHO7KHXQGHUVWDQGLQJDERXWIHDWXUHVDQGIHDWXUHWUHHVDUHWDNHQ
IURP)HDWXUHVGHVFULEHIXQFWLRQDODVZHOODVQRQIXQFWLRQDODVSHFWVRIDV\VWHPZKLFKFDQEHREVHUYHGIURPWKH
HQYLURQPHQW RI WKH V\VWHP HJ WKH FRORXU RI D FDU $ GHWDLOHG GHVFULSWLRQ RI IHDWXUHV DV XVHG LQ WKLV SDSHU LV
GHVFULEHGLQ
,QDIHDWXUHWUHHWKHVLQJOHIHDWXUHVDUHVWUXFWXUHG:KLOHDIHDWXUHLVGHVFULEHGDEVWUDFWDWWKHURRWWKHIHDWXUHVDW
WKH OHDYHV DUH GHVFULEHGPRUH GHWDLOHG$ GLVWLQFWLRQ LVPDGH EHWZHHQ WZR IHDWXUH W\SHV )LUVWO\ WKHPDQGDWRU\
IHDWXUH DQGRQ WKHRWKHU KDQG WKH RSWLRQDO IHDWXUH0DQGDWRU\ IHDWXUH DUH DOZD\V LQFOXGHG LQ D V\VWHP RSWLRQDO
IHDWXUH PD\ EH LQFOXGHG 7KH VXEIHDWXUHV RI D IHDWXUH FDQ EH DGMXVWHG E\ ORJLFDO UHODWLRQVKLSV H[DFWO\ WR WKH
UHVSHFWLYHV\VWHP,Q)LJXUHDQH[DPSOHRIDIHDWXUHWUHHLVVKRZQ$VWKHKLJKHVWOHYHORIDEVWUDFWLRQLVWKHFDU
(YHU\FDUQHHGVDGULYHDQGDGULYHKDVDWUDQVPLVVLRQDQGDQHQJLQH)RUHDFKSURGXFWOLQHPXVWEHFKRVHQEHWZHHQ
$XWRPDWLFDQG0DQXDO6SHFLDOHTXLSPHQWLVQRQHHGIRUDFDU(DFKFRPSRQHQWZKLFKPD\EHFRYHUHGE\VSHFLDO
HTXLSPHQWFDQEHVHOHFWHGLQGLYLGXDOO\RUDVDZKROHJURXS
Function 
*HQHUDOSURFHVVHVDQGFRQWUROV\VWHPVDUHGHQRWHDV IXQFWLRQ7KHVHIXQFWLRQVDUHXVXDOO\YHU\FRPSOH[$OVR
VSHFLILF WDVNV DUH UHIHUUHG WR DV IXQFWLRQ $ IXQFWLRQ FDQ EH VHSDUDWHG LQWR PDQ\ VPDOO IXQFWLRQV 7KHVH VLQJOH
IXQFWLRQVFDQEHFRPELQHGLQDUHODWLRQVKLSPRGHO5HODWLRQVDULVHHJE\WUDQVIHUULQJSDUDPHWHUVRUUHWXUQYDOXHV
7KH QHWZRUNLQJ RI IXQFWLRQV LV UHSUHVHQWHG E\ IXQFWLRQDO QHWZRUNV$Q RYHUYLHZ RI IXQFWLRQDO QHWZRUNV FDQ EH
IRXQGLQ
$IXQFWLRQDOQHWZRUNLVVFKHPDWLFDOO\VKRZQLQ)LJXUH$IXQFWLRQUHWXUQVDYDOXHZKLFKLVQHHGHGE\DQRWKHU
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IXQFWLRQ7KLVUHVXOWVLQDKXJHQHWZRUNZKLFKLVHYHQFRQIXVLQJIRUVPDOOIXQFWLRQQHWZRUNV
$QHZDSSURDFKIRUWKHGHVFULSWLRQRIIXQFWLRQDOQHWZRUNVLVGHVFULEHGLQ7KHUHDQDSSURDFKLVSUHVHQWHGZKHUH
WKHIXQFWLRQVDUHPRGHOOHGKLHUDUFKLFDOO\IURPWRSOHYHOWRGRZQOHYHO,QWKHWUHHWKHIXQFWLRQVDUHVWUXFWXUHGZLWK
JHQHUDOQDPHV7KHURRWLVDYHU\DEVWUDFWGHVFULSWLRQRIDIXQFWLRQ7KLVPHWKRGLVGLIIHUHQWWRSUHYLRXVDSSURDFKHV
ZKHUHWKHEDVLFIXQFWLRQVDUHGHWHUPLQHGDQGWKHQWKHIXQFWLRQVRQDKLJKHUOHYHODUHVHW$QXQVHSDUDWHGIXQFWLRQ
LVUHIHUUHGWRKHUHLQDVPDLQIXQFWLRQ$QH[DPSOHRIWKLVLVWKHPHDVXUHPHQWRIDSK\VLFDOTXDQWLW\
)RUHDFKPDLQIXQFWLRQWKHUHLVDVHSDUDWHFKLOGIXQFWLRQQHWZRUN6RZHJHWDWRSOHYHOKLHUDUFKLFDOO\HOHPHQW
%\ VXFK D VHSDUDWLRQ IXQFWLRQ QHWZRUNV FDQ EH VXPPDUL]HG IRU D EHWWHU XQGHUVWDQGLQJ WR VRPH WRS OHYHO
KLHUDUFKLFDOO\HOHPHQWV6XFKDPHWKRGRORJ\WRVLPSOLI\IXQFWLRQQHWZRUNVLVSUHVHQWHGLQ(VSHFLDOO\LQPHWKRGV
DUHGHVFULEHGZKLFKLVERUURZHGIURPWKHIHDWXUHWUHHV7KLVW\SHRIGHVFULSWLRQRIIXQFWLRQDOQHWZRUNVFDQOLJKWHU
RYHUORRNE\SHRSOH7KURXJK WKLV W\SHRIGHVFULSWLRQ LW RIIHUV WKHSRVVLELOLW\ IHDWXUH WUHHV DQG IXQFWLRQQHWZRUNV
HDVLHUWRVHWLQUHODWLRQVKLS
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)LJXUH([DPSOHRIDIHDWXUHWUHH
performanceand
consumption
chassis
structure weight
aerodynamics
package&
space

)LJXUH([DPSOHRIDIXQFWLRQQHWZRUN
Component  
&RPSRQHQWVDQGWKHLUSURSHUWLHVDUHGHVFULEHGLQ7KHXQGHUVWDQGLQJRIFRPSRQHQWVDQGSURSHUWLHVLVDOVRWDNHQ
LQWRDFFRXQWLQWKLVSDSHU7KHGLIIHUHQWFRPSRQHQWVFDQEHUHSUHVHQWHGLQDSSOLFDWLRQPRGHOV,QWKHGHYHORSPHQW
RIVRIWZDUHSURGXFW OLQHV WKHWHUPVRIWZDUHDUFKLWHFWXUH LVXVHGIRUDSSOLFDWLRQPRGHOVDVZHOO ,Q WKLVDSSURDFKD
DSSOLFDWLRQPRGHOUHSUHVHQWVDFODVVLFDOFRPSRQHQWDUFKLWHFWXUHDVGHVFULEHGLQ
%\VHOHFWLQJIHDWXUHVFRPSRQHQWVIRU WKHDSSOLFDWLRQPRGHODUHFKRVHQ%XWDGLIIHUHQWVHOHFWLRQRIIHDWXUHVGR
QRWQHFHVVDULO\PHDQGLIIHUHQWFRPSRQHQWV$GLIIHUHQWFRQQHFWLRQRIFRPSRQHQWVFDQUHDOL]HGLIIHUHQWIHDWXUHV7KH
SRVVLELOLWLHV RI IHDWXUH VHOHFWLRQ DQG FRPSRQHQW FRQQHFWLRQ LV GHVFULEHG E\ WKH SURGXFW FRPSOH[LW\ $QDORJXH
GHVFULEHVWKHIXQFWLRQFRPSOH[LW\WKHSRVVLELOLWLHVRIIXQFWLRQVHOHFWLRQDQGFRPSRQHQWFRQQHFWLRQ,QWKLVZD\WZR
DSSOLFDWLRQPRGHOVZLOOEHFUHDWHG,QYLHZRIWKHLQGHSHQGHQWIHDWXUHDQGIXQFWLRQVHOHFWLRQWKHFKRVHQFRPSRQHQWV
FDQGLIIHU7RFUHDWHDSURGXFWLWLVQHFHVVDU\WRPHUJHWKHP
$SSURDFKWRV\VWHPDWLFDOO\GHYHORSDWHFKQLFDOV\VWHP
'XH WR WKH FKDQJH LQ SDUDGLJP WR HJ HOHFWULFSRZHUHG YHKLFOHV LQ WKH DXWRPRWLYH LQGXVWU\ WKH GHPDQG WR
GHYHORSQHZYHKLFOHFRQFHSWVLQFUHDVHV%HFDXVHRIWKHIXQGDPHQWDOFKDQJHRIWKHSRZHUWUDLQWKHGHVLJQHUVFDQQRW
XVHDOUHDG\H[LVWLQJNQRZOHGJHDERXWVXEV\VWHPVDQGFRPSRQHQWV)RUWKLVUHDVRQLWLVQHFHVVDU\WRKDYHDORRNDW
WKHIXQFWLRQVRIWKHYHKLFOH7KLVDOORZVWRDFTXLUHDEDVLFXQGHUVWDQGLQJRIWKHV\VWHPZLWKLWVQHZFRPSRQHQWV
)RU WKLV WKH UHTXLUHPHQWV DQG WKH EDVLF IXQFWLRQV VKRXOG EH FRQQHFWHG LQ D UHODWLRQVKLS PRGHO 7KXV HJ WKH
UHTXLUHPHQW WR UHDOLVH D FHUWDLQ FOLPDWH LQWHUYDO LQ WKH LQWHULRU FDQ EH GHVFULEHG E\ WKH DEVWUDFW IXQFWLRQ HQVXUH
LQWHULRU DLU FRQGLWLRQLQJ ,Q WKLV ZD\ WKH QHHGHG IXQFWLRQ LQ WKH YHKLFOH ZLOO EH GRFXPHQWHG ZLWKRXW JLYLQJ D
FRQFUHWH VROXWLRQ 6LPLODU WR WKH UHODWLRQV EHWZHHQ UHTXLUHPHQWV DQG FRPSRQHQWV LQ FXUUHQW DSSURDFKHV RQH
UHTXLUHPHQWFDQRQO\EHIXOILOOHGE\VHYHUDOIXQFWLRQV+RZHYHUWKHVROXWLRQVSDFHLVVLJQLILFDQWO\ODUJHUFRPSDUHG
WR WKH FXUUHQW DSSURDFKHV GXH WR WKH DEVWUDFW IRUPXODWHG IXQFWLRQV %\PRGHOOLQJ D UHODWLRQVKLS PRGHO EHWZHHQ
UHTXLUHPHQWVDQGIXQFWLRQV WKHVROXWLRQVSDFHFDQEHEXLOW ,QDVSHFLILFVFHQDULRRQO\D IHZUHTXLUHPHQWVZKLFK
DOUHDG\H[LVW LQWKHUHODWLRQVKLSPRGHOZLOOEHFKRVHQ$IWHUZDUGVWKHIXQFWLRQVZKLFKKDYHWREHUHDOL]HGLQWKH
SURGXFW FDQ EH LGHQWLILHG ,I D UHTXLUHPHQW LV GHWHUPLQHG LQ D VFHQDULR ZKLFK GRHVQ¶W H[LVW LQ WKH UHODWLRQVKLS
200   Axel Grewe et al. /  Procedia Computer Science  28 ( 2014 )  195 – 203 
PRGHOLWZLOOEHHDVLHUWRFRQQHFWWKHUHTXLUHPHQWZLWKIXQFWLRQWKDQWRFRQQHFWWKHUHTXLUHPHQWZLWKDFRPSRQHQW
,QWKLVZD\WKHV\VWHPFDQEHH[SDQGHGFRQWLQXRXVO\
1HZRUH[LVWLQJFRPSRQHQWVFDQEHFRQQHFWHGWRRQHRUVHYHUDOIXQFWLRQV,QWKLVZD\DFRPSRQHQWFDWDORJXH
ZKLFKSURYLGHVGLIIHUHQWFRPSRQHQWVWRUHDOLVHWKHVHOHFWHGIXQFWLRQVZLOOEHGHYHORSHG%HFDXVHWKHUHTXLUHPHQWV
DUHQRZFRQQHFWHGWR WKHFRPSRQHQWVYLD WKHIXQFWLRQVLWZLOOEHHDVLHU WR LGHQWLI\VROXWLRQVDQGWR LQWHJUDWHQHZ
WHFKQRORJLHV7KHVWHSVWRV\VWHPDWLFDOO\ILQGWKHIXQFWLRQVDQGVXLWDEOHWRSRORJLHVDQGWRVHOHFWWKHFRPSRQHQWVRI
WKHSURGXFWDUHVKRZQLQ)LJXUH


)LJXUH,GHQWLILFDWLRQDQGVHOHFWLRQRIFRPSRQHQWVDQGSRVVLEOHWRSRORJLHVEDVHGRQWKHIXQFWLRQVRIDWHFKQLFDOV\VWHP
8VLQJWKHV\VWHPDWLFDOO\DSSURDFKDQGDQDO\VLQJWKHUHODWLRQVKLSPRGHOWKHSURGXFWGHYHORSHUFDQEHWWHUILQGWKH
FRPSRQHQWVWRIXOILOWKHUHTXLUHPHQWVRIWKHSURGXFW,IWKHPRGHOSURYLGHVPRUHVROXWLRQVWKHGHYHORSHUFDQHYHQ
VHOHFWRQHRUPRUHVROXWLRQVIRUWKHIXUWKHUSURGXFWGHYHORSPHQWSURFHVV7KHLQWHJUDWLRQRIQHZFRPSRQHQWVLQWKH
QHZDSSURDFKZLOOEHEHWWHUDVZHOOEHFDXVHLWLVHDVLHUWRFRQQHFWDQHZFRPSRQHQWWRWKHIXQFWLRQVLQFRPSDULVRQ
WRFRQQHFWWKHPGLUHFWO\WRWKHUHTXLUHPHQWV
,PSOHPHQWDWLRQRIWKHDSSURDFK
,QWKLVVHFWLRQDQDSSURDFKLVLQWURGXFHGKRZWRLQWHJUDWHQHZFRPSRQHQWVLQWRDQH[LVWLQJV\VWHP,QRUGHUWRGR
WKLV DGGLWLRQDO LQIRUPDWLRQ IORZV KDYH WR EH DGGHG 7KH\ DUH VKRZQ LQ )LJXUH  VHH DOVR )LJXUH  7KH
FRQVHTXHQFHVRQWKHIHDWXUHVIXQFWLRQVDQGFRPSRQHQWVDUHGHVFULEHGKHUHLQDIWHU
)RU WKH UHDOL]DWLRQRI WKH V\VWHPDWLF DSSURDFK WR GHVLJQLQJ D WHFKQLFDO V\VWHP WKH FXUUHQWPRGHOV QHHG WR EH
H[WHQGHG ,Q WKLV VHFWLRQ WKHSURSRVHG VROXWLRQVDQGDSSURDFKHVDUHGHVFULEHGZKLFKDUHKDQGOHG LQGHWDLO LQ WKH
IXWXUH
Feature 
)LUVW WKHIHDWXUH fe LVFRQVLGHUHGPRUHSUHFLVHO\7KHVXPRIDOOIHDWXUHV LVSUHVHQWHG LQDIHDWXUHPRGHOMFe
(YHU\IHDWXUHFDQKDYHDVHWRIVXEIHDWXUHVRUHPSW\VHW7KH\FUHDWHDVXEVHWFeIURPWKHHQWLUHIHDWXUHVHW7KH
IXQFWLRQFMFe(fe)UHWXUQVWKHVXEVHWFeIRUDIHDWXUHfe:LWKWKLVIXQFWLRQLWLVSRVVLEOHWRGHWHUPLQHZKHWKHUDVHW
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FRQWDLQVDVSHFLILFIHDWXUHRUQRW,IQRWWKHQLWKDVWREHDGGHG7KHUHIRULWLVQHFHVVDU\WRNQRZIRUZLWFKH[LVWLQJ
IHDWXUHWKHQHZIHDWXUHLVWKHVXEIHDWXUH
Function 
,QWKHV\VWHPWKHUHDUHIXQFWLRQVfuZKLFKGHVFULEHWKHIXQFWLRQDOLW\RIWKHV\VWHP'XHWRWKHVLPLODUGHVFULSWLRQ
RIWKHIHDWXUHWUHHVDQGIXQFWLRQQHWZRUNVWKHODWWHUFDQEHWUHDWHGVLPLODUO\DVWKHIHDWXUHWUHHV7KHPRGHOIRUWKH
IXQFWLRQVLVWKHIXQFWLRQQHWZRUNMFu)XQFWLRQVZKLFKGHVFULEHWKHZKROHVHWRIVXEIXQFWLRQVRIDVXEV\VWHPIRUP
D VHW RI IXQFWLRQV Fu FDOOHG WKH PDLQ IXQFWLRQ $ PDLQ IXQFWLRQ DOZD\V GHVFULEHV D FRPSOHWH IXQFWLRQDO
LPSOHPHQWDWLRQ7RGHVFULEHDVHWFuFRQFUHWHNQRZOHGJHDERXW WKHOLPLWVRI WKHVXEV\VWHPPXVWEHNQRZQ7KH
IXQFWLRQFMFu(fu)GHWHUPLQHV WKHVHWFuRIVXEIXQFWLRQVRIDPDLQ IXQFWLRQ fu$QDEVWUDFW UHSUHVHQWDWLRQRI WKH
IXQFWLRQQHWZRUNLVJLYHQLQ)LJXUH

functionsfeatures
components
requirements
segmentation
interdependence

)LJXUH([WHQGHGGHSHQGHQFLHVDQGLQIRUPDWLRQIORZV
Component  
7RGDWHIHDWXUHVDQGIXQFWLRQVDUHFRQVLGHUHGDVUHTXLUHPHQWVIRUWKHFRPSRQHQWV)HHGEDFNRQDIHDWXUHPRGHO
RU D IXQFWLRQ QHWZRUN LV QRW FRQVLGHUHG VR IDU:HZDQW WR LQWURGXFH DQ DSSURDFK LQZKLFK FRPSRQHQWV FDQ EH
DGGHG ZKLFK PD\ KDYH DQ LPSDFW RQ IXQFWLRQV DQG IHDWXUHV )XUWKHUPRUH LW VKDOO EH SRVVLEOH WR FUHDWH QHZ
FRPSRQHQW E\ FRPELQLQJ H[LVWLQJ IHDWXUHV DQG IXQFWLRQV 6XFK DPHWKRG LV QHFHVVDU\ WR KDYH DQ RSSRUWXQLW\ WR
FRPSOHWHO\UHGHVLJQFRPSRQHQWVDQGHYDOXDWHWKHP
SUHVHQWVDPHWKRGIRUDPDSSLQJRIIHDWXUHVRQFRPSRQHQWV+HUHIHDWXUHVDQGFRPSRQHQWVDUHUHSUHVHQWHGDV
VHWV DQG SXW LQWR UHODWLRQ WR HDFK RWKHU 7KLV DSSURDFK QRZ QHHGV WR EH H[WHQGHG WR WKH IXQFWLRQ QHWZRUNV WR
LQWHJUDWHWKHIXQFWLRQV7RHQVXUHWKDWDOOIHDWXUHVDUHXVHGZKLFKDUHDFWLYHLQWKHV\VWHPDFRQVLVWHQF\FKHFNLV
SHUIRUPHG7KXVWKHUHLVDOUHDG\WKHIHHGEDFNRIFRPSRQHQWVWRIHDWXUHVEXWZLWKRXWLPSDFWRQWKHIHDWXUHPRGHO
:LWK WKLV DSSURDFK WKH IXQFWLRQ QHWZRUNV FDQ EH FRQQHFWHG WR WKH FRPSRQHQWV 7KURXJK WKH XVH RI VLPLODU
VWUXFWXUHVIRUIXQFWLRQVIHDWXUHVDQGFRPSRQHQWV LW LVHDVLHUWRKDQGOHWKHVHWKUHHPRGHOV7KH$SSURDFKLQFDQ
QRZEHDGRSWHGDVIROORZV(DFKFRPSRQHQWKDVDIHDWXUHLILWLVHPSW\$FRPSRQHQWKDVDWOHDVWRQHIXQFWLRQ6RD
FRPSRQHQWLVDOZD\VSDUWRIDIXQFWLRQRUDPDLQIXQFWLRQ7KHFRPSRQHQWPRGHOMCoLVDVHWRIDOOFRPSRQHQWVco
DQGWKHLUUHODWLRQVKLSV
,IDFRPSRQHQWKDVDIHDWXUHWKDWLVQRWFRQWDLQHGLQMFeLWKDVWREHLQFOXGHG,IWKLVIHDWXUHUHTXLUHVDIXQFWLRQ
WKDWLVQRW\HWFRQWDLQHGLQWKHMFuWKLVIXQFWLRQKDVWREHDGGHGDQGYLFHYHUVD7KLVIXQFWLRQPXVWEHSURYLGHGE\
DFRPSRQHQW%\FRPELQLQJIHDWXUHVDQGIXQFWLRQVWKHH[LVWLQJFRPSRQHQWVZLOOQRWDOZD\VPDWFK,QWKLVFDVHD
QHZFRPSRQHQWKDV WREH LQVHUWHG LQWR WKH V\VWHP7KLV FRPSRQHQW VKRXOGFRQVLVWRISDUWVRIRWKHU FRPSRQHQWV
7KLV DVVXPHV WKDW WKH FRPSRQHQWV DUH KLJKOHYHO PRGXODULW\ RU GLVDVVHPEOH E\ VSHFLILF UXOHV DQG FDQ SHUIRUP
WRJHWKHUDJDLQ
%\WDNLQJWKHUHODWLRQVEHWZHHQIHDWXUHVDQGIXQFWLRQVLQWRDFFRXQWDQRSWLPDOVHWRIFRPSRQHQWVFDQEHFKRVHQ
IRUWKHDSSOLFDWLRQPRGHO6RWKHHIIRUWIRUPHUJLQJWZRSRVVLEO\GLIIHUHQWDSSOLFDWLRQPRGHOVFDQEHDYRLGHG

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Figure9:Extendedfeaturetree
Exemplary application 
$XWRPDWLFDOO\ JHQHUDWHG IHDWXUHV KDYH WR EH LQVHUWHG LQWR WKH IHDWXUH WUHH FRUUHFWO\ 7R JHW WKH QHFHVVDU\
LQIRUPDWLRQDFDWHJRUL]DWLRQFDQEHXVHGWKDWLVGHULYHGIURPWKHSRVLWLRQRIWKHQHZFRPSRQHQW$QH[DPSOHLVWKH
GLIIHUHQW DLUFRQGLWLRQLQJ RI WKH GULYHU
V FRPSDUWPHQW DQG WKH SDVVHQJHU FRPSDUWPHQW RI D YHKLFOH &DEV DQG
OLPRXVLQHV XVH D GLYLGHU EHWZHHQ WKH GULYHU DQG WKH SDVVHQJHU%RWK DUHDV RI WKH YHKLFOH FDQ EH DLUFRQGLWLRQHG
LQGHSHQGHQWO\7KHGLYLGHUDQGDVHFRQGDLUFRQGLWLRQHUKDYHWREHDGGHGWRWKHFRPSRQHQWPRGHO%\FKDQJLQJWKH
DUFKLWHFWXUH LW LV QHFHVVDU\ WR FKHFN WKH FRQVLVWHQF\ LQ WKH IHDWXUH WUHH DQG WKH IXQFWLRQ QHWZRUN 7KHUH LV RQH
FKDQJHZLWKLQWKHIXQFWLRQQHWZRUNEHFDXVHDQRWKHULQVWDQFHRIWKHIXQFWLRQDLUFRQGLWLRQLVQHHGHG+RZHYHUWKH
IHDWXUHWUHHKDVWREHDGMXVWHG6LQFHWKHFRPSDUWPHQWVHSDUDWLRQDQGWKHLQGHSHQGHQWDLUFRQGLWLRQDUHQHZIHDWXUHV
7KHLPSDFWRQWKHIHDWXUHWUHHFDQEHVHHQLQ)LJXUH7KHGHULYDWLRQIRUWKHQHZDLUFRQGLWLRQLQJV\VWHPLVIDLUO\
VLPSOH,WFDQEHDGGHGDVDVXEIHDWXUHRIWKHIRUPHUDLUFRQGLWLRQLQJV\VWHP7KHDGGLWLRQDOGLYLGHULVDOUHDG\PRUH
GLIILFXOW2QHVROXWLRQFRXOGEH WRUHODWH WKHGLYLGHUZLWKWKHVHFRQGDLUFRQGLWLRQHU%XW LWKDV WREHHQVXUHG WKDW
WKHUHDUHQRUHGXQGDQFLHVRULQFRQVLVWHQFLHV)RUQHZIXQFWLRQVWKHUHLVWKHGLIILFXOW\WRLGHQWLI\WKHPDLQIXQFWLRQLQ
ZKLFKWKHQHZIXQFWLRQKDVWREHLQWHJUDWHGRUWRGHFLGHLIWKHQHZIXQFWLRQLWVHOILVWKHPDLQIXQFWLRQ
&RQFOXVLRQ
'XHWRLQFUHDVLQJFXVWRPHUGHPDQGVDQGJURZLQJUHVWULFWLRQVDQGERXQGDU\FRQGLWLRQVWKHSURGXFWUHTXLUHPHQWV
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